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Research in Pho tosyn thes i s  

Chloroplas t  l i p i d s  
14  

Phosphol ipid and g l y c e r i d e  s y n t h e s i s  from C -1,3 glycerol-phosphate  

and C14-l,3 g l y c e r o l  in i s o l a t e d  c h l o r o p l a s t s  and "grana" has  been s t u d i e d .  

Cen t r i fuga l  f r a c t i o n a t i o n  o f  spinach homogenates prepared  i n  an i s o t o n i c  

medium shows t h a t  t h e  "grana" f r a c t i o n  has  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  

f o r  i n c o r p o r a t i o n  of C14- l ,  3 glycerol-phosphate  i n t o  l i p i d .  

pared  from c h l o r o p l a s t s ,  however, have a much lower s p e c i f i c  a c t i v i t y  and 

thus ,  i t  would appear  t h a t  mitochondria  are p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  

Grana pre-  

l i p i d  s y n t h e s i s  r e p o r t e d  here  by t h e  "grana" f r a c t i o n .  

4 With 9 -1,3 g l y c e r o l  phosphate as s u b s t r a t e ,  t h e  fo l lowing  c o - f a c t o r s  

are r e q u i r e d  f o r  m a x i g a l  i nco rpora t ion  of  s u b s t r a t e  i n t o  l i p i d s :  

CoASH, and a l o n g  cha in  f a t t y  acid.  No s p e c i f i c i t y  f o r  f a t t y  a c i d  h a s  Seen 

observed. Comparisons o f  g lyce ro l  phosphate and g l y c e r o l  as s u b s t r a t e s  

r e v e a l  t h a t  t h e  rate i s  approximately 100 t imes g r e a t e r  w i th  g l y c e r o l  phos- 

p h a t e  than  with g lyce ro l .  Addition o f  g l y c e r o l  k inase  e l i m i n a t e s  t h e  d i f f e r -  

ence i n  ra tes  wi th  t h e s e  s u b s t r a t e s  t h u s  i n d i c a t i n g  t h a t  t h i s  k i n a s e  i s  

ATP, Mg, 

r a t e - l i m i t i n g  when g l y c e r o l  is used. 

Products  of  t h e  r e a c t i o n  have been s t u d i e d  k i n e t i c a l l y  u s i n g  ion- 

exchange and paper  chromatography f o r  i d e n t i f i c a t i o n  o f  deacy la t ed  products .  
I 

R e s u l t s  i n d i c a t e  t h a t  phosphat id ic  a c i d  is t h e  p 
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l i p i d p r o d u c t s .  

on s i l i c i c  a c i d  impregnated paper,  co-chromatography of 

wi th  g l y c e r o l  phosphate on an ion-exchange r e s i n  and on 

d i f f e r e n t  so lven t  systems. P o s s i b i l i t y  o f  i t  be ing  a b 

Phosphat id ic  a c i d  has  been i d e n t i f i e d  y its m o b i l i t y  

i t s  d e a c y l a t e  

paper  w i th  two 

s-p ho s p  ha  t i d i  c 

a c i d  has  been excluded w i t h  s t u d i e s  o f  p roduc t s  r e s u l t i n g  from p e r i o d a t e  

ox ida t ion .  

In a d d i t i o n  t o  phosphat id ic  ac id ,  o t h e r  phosphat ides  as w e l l  as 

g l y c e r i d e s  are formed. S i l i c i c  a c i d  column chromatography o f  t h e  g lyce r -  

i d e s  i n d i c a t e s  t h a t  mono-, di- ,  and t r i g l y c e r i d e s  are formed i n  vary ing  

amounts depending upon dura t ion  of  assay. 

can be summarized i n  t h e  fol lowing scheme: 

The r e s u l t s  desc r ibed  h e r e  

Fat ty+$cid 
M 

&ASH 
? Phospha t id i c  Acid 

<Fat ty  a c y l  
L-& g l  y c e rol -P 

Monoglyceride 

Dig lycer ide  

Acid, Mg++ 

T r i g l y c e r i d e  

Pho t o - i n h i b i  t i o n  

We have t r i e d  t o  eva lua te  and expand o u r  e a r l i e r  ob ta ined  d a t a  on 

t h e  s u b j e c t  o f  photo- inhib i t ion .  One d i f f i c u l t y  encountered was the  

v a r i a b i l i t y  of t h e  r e s u l t s  obtained when w e  s t u d i e d  t h e  p h o t o - i n h i b i t i o n  

of t h e  c h l o r o p l a s t s '  c apac i ty  t o  reduce TPN u s i o g  a sco rba te  as e l e c t r o n  

donor. A seasona l  v a r i a t i o n  of our source  of  c h l o r o p l a s t s  must have 

been involved.  The b e s t  i n t e r p r e t a t i o n  seems t h a t  t h i s  v a r i a t i o n  does 

not  concern t h e  s u s c e p t i b i l i t y  t o  s t r o n g  l i g h t  as such,  bu t  r a t h e r  t h e  
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a b i l i t y  of  reduced indophenol  t o  r e a c t i v a t e  t h e  r e d u c t i o n  o f  TPN. T h i s  

l e a d s  t o  our p r e s e n t  conclus ion  t h a t  o f  t h e  two p h o t o r e a c t i o n s  of  photo- 

s y n t h e s i s ,  t h e  one which evo lves  oxygen is t h e  one most s e n s i t i v e  t o  

i n h i b i t i o n  by l i g h t .  However, also t h e  f i r s t  pho toac t ,  ( t h e  one t h a t  

produces t h e  s t r o n g  p roduc t ion )  is i n h i b i t e d  bu t  w i th  a t h r e e - f o l d  

lower r a t e  cons tan t .  A pape r  r e p o r t i n g  on t h e s e  matters is  p r e s e n t l y  

i n  p r e p a r a t i o n .  

a c t i v a t i o n  spectrum of p h o t o - i n h i b i t i o n ,  We w i l l  t r y  t o  i l l u c i d a t e  whether 

ch lo rophy l l  is  t h e  s o l e  s e n s i t i z i n g  pigment or o t h e r  pigments absorb ing  

blue or u l t r a - v i o l e n t  l i g h t  c o n t r i b u t e  i n  an independent  f a sh ion ,  T h i s  

rill t e s t  o u r  p r e s e n t  working h y p o t h e s i s  t h a t  p h o t o - i n h i b i t i o n  is  due t o  

an excess ive  ra te  o f  p h o t o s y n t h e t i c  photochemis t ry  and a damaging r e a c t i o n  

of i n i t i a l  photoproducts  which cannot  be removed f a s t  enough. To o b t a i n  

The nex t  phase  of  t h i s  work w i l l  concern a s tudy  o f  t h e  

s u f f i c i e n t l y  high i n t e n s i t i e s  o f  monochromatic l i g h t ,  a micropolarographic  

method f o r  measuring rates of oxygen is  p r e s e n t l y  be ing  developed. 

P h o t o s y n t h e t i c  e l e c t r o n  t r a n s p o r t  

Of t h e  s e v e r a l  l i n e s  o f  r e s e a r c h  p r e s e n t l y  be ing  pursued,  we may 

mention t h e  following: i t  concerns t h e  redox p o t e n t i a l  of t he  primary 

pho to reduc tan t  made i n  pho tosyn thes i s ,  

r e d u c t i o n  in complete pho tosyn thes i s  is not  f u l l y  understood. There a r e  

The i n i t i a l  mechanism of  C02 

doubts  whether TPNH and ATP a r e  r e a l l y  t h e  first s t a b l e  p roduc t s  of photo- 

s y n t h e s i s ,  which in t u r n  reduce  CO t o  sugar. If t h e  pr imary pho to reduc tan t  

has a low enough p o t e n t i a l ,  a d i r e c t  pho to reduc t ion  of  an a c i d  t o  aldehyde 

2 

were thermodynamically p o s s i b l e .  A second a s p e c t  o f  t h i s  problem concerns 

t h e  s i t e  of  photophosphorylat ion.  

"coupled" t o  t h e  formation o f  ATP. 

I n  c h l o r o p l a s t s  t h e  r educ t ion  of  TPN is  

One e x p l a i n s  t h i s  by assuming tbiat 
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e l e c t r o n s  move towards TPN v i a  a r e a c t i o n  s t ep  which gene ra t e s  ATP from 

ADP. 

allow t h e  formation of a r educ tan t  w i t h  a p o t e n t i a l  lower than -1 v o l t  -- 
s i n c e  the  primary photo-oxidant P700' has  a p o t e n t i a l  o f  +.44 v o l t s ,  

E l e c t r o n s  donated to  TPN by such a low p o t e n t i a l  r e d u c t a n t  could t h u s  

g e n e r a t e  ATP. It w a s  shown by o t h e r  workers t h a t  t h e  c a t a l y s i s  of  TPN 

r e d u c t i o n  by t h e  enzyme f e r r i d o x i n  r e s t s  upon t h e  fac t  t h a t  f e r r i d o x i n ,  

which has  a normal r educ tan t  of -.42 v o l t ,  i s  first reduced by t h e  p r i -  

T h e o r e t i c a l l y ,  t h e  energy a v a i l a b l e  i n  t h e  r ed  l i g h t  quantum wccld 

. .  

mary reductan t .  Ear l ie r ,  i t  was shown i n  our  group t h a t  c h l o r o p l a s t s  a r e  

capable  o f  reducing  methyl viologen which has a p o t e n t i a l  of 0.44 vol t .  

Recent ly  w e  ob ta ined  a sample o f  a viologen d e r i v a t i v e  wi th  a p o t e n t i a l  

of 0.55 v o l t  and w e  found t h a t  t h i s  compound w a s  reduced wi th  about equal  

rate and t o  about  equa l  degree as methyl viologen. The d a t a  s t r o n g l y  

i n d i c a t e  t h e  p o s s i b i l i t y  t h a t  the  primary r e d u c t a n t  h a s  a p o t e n t i a l  of 

-.3 t o  -.6 v o l t s  or lower. 

Oxygen exchanges i n  c h l o r o p l a s t  r e a c t i o n s  

The photo-oxidat ion o f  a sco rb ic  a c i d  and  c e r t a i n  reduced quinones by 

c h l o r o p l a s t s  i s  a seemingly anomalous r e a c t i o n  i d  t h a t  it is  i n h i b i t e d  by 

h e r b i c i d e s  which are s p e c i f i c  i n h i b i t o r s  o f  t h e  oxygen evo lu t ion  r e a c t i o n s  

in photosynthes is .  

a c i d  by c h l o r o p l a s t s  has  been shown t o  be coupled to  photophosphorylation. 

Addi t ion  o f  t h e  oxygen evolu t ion  i n h i b i t o r ,  DCMU d e s t r o y s  the  phosphorylat ion 

b u t  does n o t  change t h e  o v e r a l l  ra te  of  oxygen consumption. This  photo- 

r e a c t i o n  has been i n v e s t i g a t e d  with t h e  mass spec t rometer  and shown t o  

c o n s i s t  of n o t  s o l e l y  oxygen consumption b u t  oxygen product ion  which is 

overcome by a high ra te  of oxygen uptake* Addit ion of DCNU abo l i shes  the 

The indophenol mediated photo-oxidat ion of asco rb ic  
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oxygen product ion  and diminishes  t h e  rate of oxygen uptake.  

oxygen exchange is, in agreement wi th  p rev ious  r e s u l t s ,  n o t  changed by 

DCMU. 

The n e t  

This  phenomenon p r e s e n t s  a means o f  s tudy ing  t h e  l o c u s  of i n j e c -  

t i o n  of e l e c t r o n s  from e x t e r n a l  donors i n t o  t h e  e l e c t r o n  t r a c s p o r t  cha in  

of photosynthes is .  

Pho topo ten t i a t ion  of ATP hydro lys i s  

ATPase a c t i v i t y  can be developed i n  c h l o r o p l a s t s  by t h e i r  i l l u m i n a t i o h  

in t h e  presence  of a sulfhydryl-compound and a redox co-factor .  The a c t i v i t y  

60 developed b e a r s  many s t r i k i n g  s i m i l a r i t i e s  t o  e l e c t r o n  t r a n s p o r t  r e a c t i o n s  

in c h l o r o p l a s t s .  A s tudy  has  been made of t h e  e f f e c t  of var ious  i n h i b i t o r s  

and a c t i v a t o r s  of t h e  B i l l  r e a c t i o n s  and pho tosyn the t i c  phosphorylat ion on 

t h i s  ATPase. A l l  "uncouplerstt of pho tosyn the t i c  phosphoryla t ion  at h ighe r  

c o n c e n t r a t i o n s  i n h i b i t  t h i s  ATPase as they do t h e  H i l l  r eac t ion .  Some 

"uncouplers" at lower concen t r a t ions  s t i m u l a t e  t h e  ATPase as they also do 

o t h e r  H i l l  r e a c t i o n s .  Some compounds which are i n h i b i t o r s  o f  e l e c t r o n  

t r a n s p o r t  and not  uncouplers  of pho tosyn the t i c  phosphoryla t ion  w i l l  s t i m u l a t e  

t h e  ATPase. 

s t a n d i n g  o f  t h e  mechanism by which ATP formation is coupled t o  e l e c t r o n  

t r a n s p o r t  in photosynthesis .  

It is hoped t h a t  t h e s e  r e s u l t s  w i l l  l e a d  t o  a g r e a t e r  unde r -  


